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BSTRACT

this report presents a point stress analysis of a laminate
under inplanc ioads, moments, and temperature effects. The formu-
lation present: the usual lamination theorv whereby the laminate
constitutive relation is derived from the constitutive relation
for each layer in the laminate, Once the laminate relation has
been formulated, it is used to determine mid plane strains and
curvatures which arise due to inplane stress and moment resultants,
The midplane strains and curvatures are then used to determine
the strains and thus the stresses in each layer of the laminate,
[ihe thermal analysis assumes a constant temperature through the
thickness. Inplane stress and moment resultants caused by the
temperature are calculated and added to the other known loads.
A simplified transverse shear analysis is presented{l
This analysis will predict the shear stress distribution across
the laminate thickness from known values of the shear resultants
Qyx and Qy.
The background necessary to compute a laminate interaction
diagram is presented, A laminate interaction diagram depicts
and + ) for a particulac

y’ Xy
laminate basec upon the maximum strain theory of failure.

allowable average stresses ( Ogs O

[ﬁhe analyses which are presented have been programmed in

Fortran IV as procedure SQ5. This procedure is described in the

ii
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Appendix and a sample problem is presented;I Some results obtained
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from using the procedure are also presented. An original laminate
analysis program, U65, was revised and modified in writing pro-

cedure SQ5.

-'<\' .’

e
IO
ROV

v
I

SO
AN

"I
.

.
’

PRI M
NN
R S o )

[ ]
s

A
4

»
s

KO
A

( pp) ( fig.) ( tbls..) ( ref.)

.
o

- et
. h .
[V A U R

-



LR AN A NIRRT
A

2
ﬁﬁ ) TABLE OF CONTENTS
Section Title Page
I INTRODUCTION 1 |
II FORMULAT1ON OF LAMINATE CONSTITUTIVE
EQUATIONS 3 !
2.1 Lamina Coustitutive Equation 3
2.2 Strain-Displacement Equations 5
2.3 Laminate Constitutive Equations 7
I1I CALCULATION OF LAMINA STRESSES AND STRAINS
FOR AVERAGE INPLANE STRESSES 12
IV INTERACTION DIAGRAMS 14
. \Y COMPLETE POINT STRESS ANALYSIS 17
. Vi THERMALLY INDUCED STRESSES 19
VII INTERLAMINAR SHEAR STRESSES 21
VIII ANALYTICAL RESULTS 24
8.1 Interaction Diagram 24
8.2 Bending Analysis 24
8.3 Interlaminar Shear 25
: 8.4 Thermal Expansion Analysis 25
E:f‘ IX SUMMARY 26
o APPENDICES
=
ﬁi I Description of Computer Program SQ5 27
Wi
&3 II Input Data Description 32
Lo ,
Eﬁ 111 Program Listing 41
OOl
= .
; iv

2,
*2"s

£

@l

f‘d'
I

it

o 4

i

~ . .



S e e St e e e A R e R R R R R |

TABLE OF CONTENTS (Continued)

Section Title Page

APPENDICES
IRY Sample Problem Input 67
\' Sample Problem Output 69

REFERENCES 87

N B o e L e L A e e
IS 3 A A N A A A PR ST R LSO COCR O LB S

e T e ¥ A T A W
RN SR S I TR




T T T T T T T T A N e e S T T T S UL S ST T T T TS TR AT AT AT

LIST OF ILLUSTRATIONS

Figure Title Page

1 Lamina and Laminate Axis System 4
2 Stress and Moment Resultants 8
3 Lamina Notation 10
4 Laminate Interaction Diagram 16

5 SQ5 Flow Diagram 40

‘. “

e

.t
LAl

R I

b
A

[

> '
[P RV

“

1

T
I ’r
K

o
'.s
4

llll
E AW

Yo

i
»

e

it

Lo am ~
R AN ."x
drlel S

x

¢
v ey

ie

4

5

o
]

Pt
s
F
H

7, i

>
s I
o

- ..

. vt tata P I 2 R I NN At w
Tt e e e T T R L ., PRI . et WY at Y
e L e '.)”x ‘: LA S A'--‘{ :‘1’:-...'-.‘1.:‘ e v"&.«'\ﬂfﬂ:‘ I"J\‘_’!’.-¢\.-i




...............
LI N
.t e

LI A

S S S R R Tt R T R S ot o A I o R ML L PR R NI

NOMENCLATURE

inplane stiffness coefficients

coupling coefficients between inplane and
bending resultants

bending stiffness coefficients

submatrices of the inverted laminate constitutive
relation

modulus of elasticity in lamina fiber direction

modulus of elasticity normal to lamina fiber
direction

shear modulus of elasticity

coordinate from midplane to kth layer
inplane stress resultants

moment resultants

thermally induced inplane stress resultants
thermally induced moment resultants

plate transverse shear resultants

elements of stiffness matrix of layer in natural
axis system

elements of stiffness matrix of layer in x-y axis
system

temperature
X, ¥, 2 displacements
X, y midplane displacements

thermal expansion coefficients
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NOMENUCLATURE (Continued)

‘l_zl strains in natural axis system of a particular
layer
x_yi strains in laminate axis system
e%-y] midplane strains in laminate axis system
[kl plate curvature
Y12, ¥); Poisson's ratios
‘01-21 stresses in natural axis system of a particular
layer
[ax-yj stresses in laminate axis system
Ex_yl average stresses in laminate axis system
Txz, Tyz transverse shear stresses
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SECTION I

INTRODUCTION

Until recently the point stress analysis of a laminate has
been limited to inplane analyses and inplane applications.
Recent composite laminate applications have required a combined
inplane and bending point stress analysis, Initial laminated
composite applications were, for example, sandwich plate skins
which can be assumed to remain flat and thus eliminate curvature
terms, With the expanding use and applications of composite
elements came a need for a coupled inplane and bending point
stress analysis, The present analysis presents the usual lami-
nation theory which allows the derivation of the complete laminate
constitutive relation from basic lamina properties, Lamination

theory and the current notation in the field may be found in

several references, for example: Primer on Composite Materials:

Analysis, by Ashton, Halpin and Petit{1l)x,

Allowable stress curves or interaction diagrams are important
in the design of laminated structures, An interaction diagram
for average inplane stresses is three-dimensional and is thus
depicted in two-dimensions with the third variable ;ky appearing

as cutoff lines., This type of curve or curves for combined

*The numbers in parenthesis refer to the reference list at
the end of the report.

................
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inplane and bending stresses would become either too specialized
or too difficult to present for normal design purposes,

Two other features which form a part cf a laminate point
stress analysis are thermally induced stresses and transverse
shear stresses., The thermal stress formulation follows the work
of Tsai(z) by calculating the thermally induced inplane stress
and moment resultants. The transverse shear analysis is formu-
lated by making some simplifying assumptions with respect to the
classical theory of laminated plates.

The analyses described above should bring together the basic
analytical background necessary to perform a complete linear
point stress analysis of a laminated composite. The analysis
presented in Sections II through VII has been programmed and is
described in detail in the appendix. Section VIII describes the

type of output which may be obtained with the computer program,

I
- . »



g
.
thg
g

SECTION 1II

FORMULATION OF LAMINATE CONSTITUTIVE
EQUATIONS

2.1 LAMINA CONSTITUTIVE EQUATION

The constitutive relation for an orthotropic layer in a

state of plane stress may be written as follows:

o] Q) Q2 7r1
T12 0 0 Qe d 712

where,
Qy = Epp /(L= ¥1p P
Qa2 = Egp/(1 = ¥y V)
Quz = V21 Eqy /(1 = vpp ¥p) = ¥y Epp/(L - vpp ) ®
Q6 = C12

Qe = Q¢ = 0.

E11s Ep9, V12s and Gy, are the four independent elastic constants
in the 1-2 axis system of the layer. Thus the stresses 9y,

99, T12 and the strains €3, €5, 71, are also in the layer axis
system (see Figure 1), Transforming Equation 1 into the laminate

x-y axis system results in

(0P
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Q2 Y, e €y (3)

| 7% i | %6 Q26 ol | 7xylx

where the aij are the transformed stiffnesses and k presents
the kth layer of the laminate. This transformation represents
a rotation of 1-2 system into the x-y system through the angle

6. Equation 3 may also be written as,

. - (4)

p—)
Q
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2.2 STRAIN-DISPLACEMENT EQUATIONS

The displacements at any point of a cross-section may be

written
ow
u = u - oz &
o ox
vV = vy, - z2¥ (5)
oy
W= W

where u, v, and w represent the displacements in the x, y and
z directions respectively, The midplane displacements are given

by Uys Voo and wg. The strain-displacement relations are given as

ou
X ox

e, = & (6)
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Now substituting Equations 5 into Equations 6:

€ = aU.o 0 Zw

- Z—z

€. - 9% _ ,0% (N
2y oy2

Xy oy ox OXdy

or

o

ex = ey + 2z kx

= ¢O
€y €3 + z ky (8)

, 0
}xY 7XY kxy

where, eg, e;, ygy represent midplane strains and k, ky, kxy

represent plate curvatures, These equations may be written as,

- 1 FoT - -
x €x kx
€ =|,0
”. y° k
L ny _xy.. L xy_
aAS) or
N
R I P [ [ PR
i
ﬁﬁf Now, substituting Equation 9 into Equation 4 results in,
.‘:'\
Z ol =l leol 0 =lal Ik (10)

R T TP et etat AT a4 e e e PP . . . e e e e e -
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They are defined as follows:

h/2

-h/2

h/2

-h/2

Ifol and curvatures ik‘ are known,

T

Xy

Equation 10 may be used to calculate the stresses at any point

z and thus in any layer of the laminate if the midplane strains

2.3 LAMINATE CONSTITUTIVE EQUATIONS

With the exception of defining the stress (N,, N
and moment (Mx’ My, Mxy) resultants, the background material for
the formulation of the laminate constitutive equations has been
presented, The stress and moment resultants represent a system
which is statically equivalent to the stress system that is

These stress and moment resultants are

dz

zdz

R S - |

(11)

(12)

By substituting Equation 10 into Equations 11 and 12 and

separating the continuous integral into a sum of discrete
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integrals across each layer of an n layered laminate results

in:
- * 13 °| dz + "3 k| z dz
W=z f o fak el [ Jahd] = a0
) “ ° + * I3 k| z° dz
|u] - k;l /hk_l[Qlk ] adz /hk-l[Q]k[] 2 4zl (14)

The notation for a particular lamina within a laminate is shown

in Figure 3., Since [eoi and [k] are constant across the laminate
and [G]k is constant within any layer, the integrals in Equations
13 and 14 may be evaluated. Equations 13 and 14 thus may be !

reduced to the following,

W= [l + [ ] as
and,
v| = 8] [¢] + o] E (16)
where
n
Ay = o Q) (y=hyy) (17)
k=1
Byy = 1/2 zn‘, Q1) (hg-hf_p) (18)
k=1
n
Dyjy = 1/3 kZ’:l Q1) (h-nd ). (19)
9

------------
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Combining Equations 15 and 16 results in:

s ¥
at

P}
-l

=

M B D | k J. (20)
Equatiu. ?0 is the total constitutive relation for a laminated
plate. The coupling of inplane and bending is apparent in
Equation 20 by the presence of the B submatrix. For a mid-
plane symmetric laminate the B matrix is zero and thus the

actions of bending and stretching uncouple.
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SECTION ITII

CALCULATION OF LAMINA STRESSES AND STRAINS

FOk AVERAGE INPLANE STRESSES

In order to evaluate the stresses and strains in the lamina
of a laminate when average inplane stresses are known, the
constitutive equation is assumed to be uncoupled. Thus, Equation

20 results in:

S —
Nx eox
= (o]
Ny [A] € y (21)
N y© .
N XY_J | XY_

This equation is converted to an average stress analysis eguation

by dividing by the laminate thickness t, thus:

oy €y

P - t]|| e° 22
7y | = |are]] e (22)
Txy y°xy .

The input average stresses may be input at some angle to the
o laminate axis, These stresses are first rotated into the laminate
) axis system to obtain the stresses in Equation 22, Therefore

for a given set of average laminate stresses, Equation 22 may

12
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be used to calculate the laminate and thus the lamina strains in
the laminate axis system, These strains are next rotated into

the particular lamina natural axis system. The lamina constitutive

equation (Equation 1) may then be used to convert the lamina

strains into stresses,

13

-

TR \:“.-_..'-..'.: e *f" ‘;(‘»-. - \&\ .t ..-‘,\v i\\-."--.i‘ .‘--. . AR .-
e wmtl w A, "‘L- T N 1. .‘)’1 P L'.‘L'.»" S R R L e AR -




A I e N N I Il S D e I I B i e R L R A R

..........

SECTION IV
INTERACTION DIAGRAMS

A laminate interaction diagram is snown in Figure 4. This
diagram is based on the maximum strain theory of failure for each
lamina in the laminate and depicts allowable average stresses for
a particular laminate, This diagram is in reality three dimen-
sional in ;x, ;y’ and ;gy’ where the bar indicates average stresses,
The laminate interaction diagram thus represents a way of
checking stress levels from a conventional stress analysis. If
the stress state falls inside the envelope no lamina in the
laminate will fail in any mode of the maximum strain theory of
failure. These diagrams may be developed for many different
laminates and used by a designer in setting thicknesses and orien-
tations,

In order to determine these diagrams, all combinations of
unit average stresses are applied to a specified laminate. Next,
the strains €1, €2, and 712 are determined for each lamina in
the laminate for all combinations of the unit stresses. These
strains are in the natural axis system of the particular lamina.

These strains are calculated as described in Section III. Now,

>y
dT0
R
o'
’

.
»
»

since these lamina strains were produced by unit average laminate

€
N
ey
X - et

e stresses, the stresses can be ratioed up to some allowable stress
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if allowable lamina strains are known. Thus, for a particular
shear stress, an allowable set of ;x and ;v is obtained for each
type of failure in each lamina of the laminate,

By plotting these ;x and ¢ intercept.s for the various

y
failure modes for all layers in the laminate, an interacticn
diagram is obtained. Figure 4 shows the various failuraz mode
cutoffs for a particular laminate, This diagram is the minimum

envelope of all the failure mode lines, This procedure is

repeated for shear increments of + 10,000 psi from zero to a

maximum allowable, The maximum allowable shear stress is obtained

v 'vj

WSl
PR RV M A B a4

from the procedure of applying unit stresses,

In the past, the computer had been used to compute the ;x
and ;y intercepts for the various failure modes. These modes
were then hand plotted to produce the desired interaction diagram.
A search routine to compute the final coordinates of the inter-

action diagram for a laminate has been written, and is part of

the program described in Appendix I,
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SECTION V

COMPLETE POINT STRESS ANALYSIS

P A complete point stress analysis of a laminate under an
l‘! arbitrary set of loads includes both inplane and bending loads.

The inverted form of Equation 20 is used for this analysis:

€O Al B! N

= (23)

If the laminate is midplane symmetric, the submatrix B in
Equation 20 is zero. With this matrix zero, the B' and C'
matrices in Equation 23 are zero, and thus the inplane and bending
effects uncouple., With known inplane stress resultants (Nx, N

y
and ny) and moments (Mx’ My and Mxy), Equation 23 may be used

to calculate the midplane strains (e, e°y

The state of strain at any point

o
andy xy) and
curvatures (kx, ky and kxy).
across the thickness of the laminate niiy now be determined by

using Equation 9. Since the[elk vector is still in the x-y

coordinate system of the laminate, it must be transformed into
the natural axis system for the particular lamina in question. The

particular lamina constitutive relation, Equation 1, may now be

17
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used to compute lamina stresses, These lamina stresses and or
strains may then be used to calculate margins of safety from a
failure criteria. This completes the point stress analysis in
that the complete state of stress and strain has been determined

in every layer of the laminate,
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" SECTION VI
THERMALLY INDUCED STRESSES

The thermal expansion problem can be ajproached by calculating
the thermally induced inplane stress INTI and moment IMIl

resultants using
h/2

| - (-T)f.h/2 o] | o] daz, (24)

and

h/2
[t - (-T)f o] o)z dz, (25)
-h/2

. as presented in Reference (?). The lQI and[a]matrices in the
above equations are the lamina stiffness matrix and the vector
of thermal expansion coefficients respectively in the lamina
natural axis system. The product of [Ql and[almust be rotated
into the laminate x=-y coordinate system before the integration is
carried out. With the lamination temperature assumed as the zero
stress state, -T, is the change from this lamination temperature.
Note that (-T) is outside the integral, thus assuming a constant

temperature across the thickness of the laminate. After the

thermally induced stress NTl and moment lMT‘ resultants have been

found by using Equations 24 and 25, the point stress analysis

« Y "y 4, v ' Vet

. AR
@r e @ e
. e et et s Tt e &
@ A ey

i

AL L,

proceeds as described in Section V. Thus with this type of
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formulation, the thermally induced inplane and moment resultants

SOLALE

may be considered separately or added to corresponding resultants

. Y

produced from other types of loadings.
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SECTION VII
INTERLAMINAR SHEAR STRESSES

The interlaminar shear calculations for Tz and 7&2 were
approached by making some simplifying assumptions., These assump-
tions will be pointed out in the following discussion. The shear

resultants Q, and Qy were obtained from Reference (3) as,

(o) (o]
Qx = Bll U5 ex + 2B16 uo,xy + B66 u ryy + B16 vo,xx

(o) -
+ (Blz + B66) v ,xy + B26 Vo,yy Dll w,xxx (26)

- 3D16 W,xxy - (Dlz + 2D66) W,xyy - D26 W,yyy

and

= (o] o] o (o]

+ 2Byg v°,xy + Boo V°, (27)

yy D16 Y xxx

B (D12 + 2D66) w’xxy - 2D26 W’XY}' - D22 w’yyy

where Bij and Djj are the same terms as in Equations (18) and

(19) and u°, v@ and w are the midplane deflections. Equations

26 and 27 reduce to the following for midplane symmetric laminates:

;ﬁ Q = D11 Wixxx 316 Wixxy ~(P12 * Dgg) Voxyy D26 Yigyy? (28)
= 21
-

------------

] PR . .

Y LR T MR T L B o o R N S -~ T . R T -
SRR IR e e e \--‘-'-*.-\--.~.~.-.--‘-}1-~ T A e e e A P A SR
L o P PR AP TR R SR SR St S S i T i S e ‘-A)‘-":\‘\'-P .J'\."."_A * e '.'\'.!-')~ l\'.ﬂ",l"l.’l'_"' L R T .";



- YA P =
[RCR S, Lo NP A S IR SR S e U S Y T T A T N L DR Ve
PR N I Tl N A i A T e S P R S} . At Lt LT < PRl -

- and

Qy = -D16 L Jy— -(Dlz + 2D66) Vs xxy -2D26 w,xyy =Dyq w’yyy' (29)

Agf Next, the cross-derivative terms are neglected resulting in

Qx = 'Dll W)xxx - D26 w’}’}'}" (30)
and

Qy = D16 Wixxx - D22 Wyyye (31)

Now by using Qx and Qy as known or input data, Equations 30 a.d

31 may be solved to obtain expressions for w,,., and Vsyyy'

and

j—

i
Yyyy P16 % - P11 Q| (33)

where

The interlaminar shear stresses are given as

2

[ql;)w’xxx * aglfc>)"’yyy] + £0) (x,y), (35)

NN

T (k) =
Xz

2Q

O( ) - =
.':: ya Tz l 16 PXXX 99 W’YYY]+° (n)f) (Jé}
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after cross-derivative terms and inplane deformation terms are

’. o5

-

neglected (Reference 3). The 6ij terms are the lamina stiffness

N
E$~ terms rotated into the x-y coordinate system. The functions
[}$ f(k)(x,y) and g(k)(x,y) are determined by using the boundary

>

conditions that Ty and T&z are zero at the surface of the plate.

i ~(k (k)
The final form of ‘§z) and Tyz is

A e [§9 T w,yyy], (3N
and
- ~(k
8 = (@ wetah [ A%, + 025 ¥ yyy] (38)

where h is the total laminate thickness. Thus by solving
Equations (32) and (33) for w,,,, and W, yyys Equations (37) and
(38) result in values of Tyz and Tyz at any point of the cross-
section, The shear stresses resulting from the use of Equations
(37) and (38) are based on two assumptions: (1) midplane symmetric
laminates, and (2) neglect of the effects of the cross-derivative
terms which appear in the Q, and Oy equations., The effect of the
midplane symmetric assumption is clearly not significant in many
cases since most laminates used in actual design are midplane
symmetric. The effect of neglecting the cross-derivative term is
the same as assuming the plate acts like an uncoupled beam in

both directions. It is felt that this is not a serious assumption

for the first pass effort at obtaining interlaminar shear stresses.
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SECTION VITITI
ANALYTICAL RESULTS

The analysis described in the preceeding sections has been
programmed for an IBM 360-65 digital computer as program 3Q5., The
original program U65 was written by M, E, Waddaups. The following
is a brief paragraph describing the results obtained for each

of the major contributions of the program,
8.1 INTERACTION DIAGRAM

Figure 3 shows an interaction diagram obtained from the
procedure SQ5, As stated earlier, the program prints out the
oy and ;& coordinates of the corners of the interaction diagram.
The user then plots these points and connects them with straight
lines to obtain the interaction diagram for a particular ;%y
value. The ;xy value is printed out along with the ¢, and 3&
coordinates,

Lamina strain allowables must be input along with the usual
lamina properties such as thickness and orientation in order to

compute the interaction diagram coordinates,
8.2 BENDING ANALYSIS

In order to check the bending analysis subroutine in SQ5,

data from a standard 0° flexure test was used. $Q5 predicted
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the expected Mc/EI strain to be 7026 uin/in, while experimentally
a value of 7100 yin/in,was obtained with the use of strain gages.
A test program which will include cross-ply beams will be initiated

at a later date.

8.3 INTERLAMINAR SHEAR

The interlaminar shear stress distribution calculations in
SQ5 have been checked for a m.dplane symmetric laminated beam,
The distribution checked very close to the distribution obtained
from a photoelastic coating on an experimental beam. A midplane
symmetric laminate and beam action were the two basic assumptions
in the interlaminar shear stress derivation, thus very good

results were expected and obtained for this situation,

8.4 THERMAL EXPANSION ANALYSIS

The thermal analysis section of SQ5 has been checked by
comparison with a +15° glass laminate by Tsai (Reference 2), The
coefficients of thermal loads (NT and MT) obtained from SQ5
check the results of Tsai,

This analysis also produces the laminate coefficients of
thermal expansion. As an example of the accuracy obtained, Q5
predicted an @, of 3 x 107% for a 0°/+60° boron laminate while

a value of 3,25 x 107® has been obtained experimentally,
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SECTION 1IX

SUMMARY

An existing computer program, U65, has been updated and
expanded in several respects. The major changes are as follows:
(1) a point stress bending analysis using the full laminate
constitutive equation has been included, (2) thermally induced
moments and inplane stress resultants may be included in a point
stress analysis, and (3) a simplified interlaminar shear stress
analysis based on beam action and midplane symmetry has been added.
The overall program was also modified to make it more efficient
from the users point of view as well as machine efficiency.

Several basic checks were performed and the program should

now become the laminate analysis program for use in linear analyses,
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i APPENDIX I

R

}\( DESCRIPTION OF COMPUTER PROGRAM SQ5

i‘:::‘:

A

E;Q{ The analysis presented in Sections II through VII has been
.y

programmed as computer program SQ5. The forerunner of the present

program was U65. The program SQ5 consists of a main program and

seven subroutines, four of which were added in producing SQ5. In

summary, U65 was modified as follows in producing the computer

program SQ5:

1., The input was completely revised.

2, The input data was written out as the first item of output

3. The input and output were updated to the current notation of
Reference 1

4, A point stress bending analysis was added

5. A laminate thermal stress analysis was added

6. A search routine for the interaction diagram coordinates
was added (written by R. W. McMickle)

7. A simplified interlaminar shear stress analysis routine was
added.

8. Multiple option capability was added whereby many parts of

the program can bz used with a single problem input

The f[unciion of each subroutine is described below, A

description of each card entry will be given in Appendix II.
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e MAIN Program

The MAIN program is used to read and write out the input

L S

i data. The input data is written out with identifying information

in order to facilitate a check of the problem data. Current
notation is used for all the output data. Next, the main program
computes the laminate constitutive relation (Equation 20).

The remainder of the main program decides which of the
subroutines will be called according to a list of option keys

which have been input.

Subroutine STEC
This subroutine computes laminate strains for all combinations
. of unit average stresses, These laminate strains are needed for
interaction diagram calculations. If a point stress analysis
using input average stresses is tc be performed, this subroutine
rotates the input stresses (they may be input at some angle to
the laminate axis) into the laminate x-y axis and computes the

corresponding laminate strains,

Subroutine SSRC

This subroutine rotates the laminate strains found in STEC
into the natural axis system of each layer in the laminate.
Using the lamina constitutive relation, these strains are used
to calculate lamina stresses, Margins of safety are also cal-

culated from the lamina strains, If an interaction diagram was
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called for, allowable lamina stresses are calculated as described

in Section 1V,

Subroutine SURFS

Subroutine SURFS calculates the 0. and ¢ cutoff allowable

x y
stresses which are used in plotting an interaction diagram.
First, the laminate strains found in subroutine STEC are rotated
into the natural axis system of each lamina in the laminate. Now,
since these strains were produced by unit stresses, allowable
stresses can be calculated by ratioing with an allowable strain,
This procedure is repeated for all combinations of unit stresses

and for increments of ;§y' T, is initially set equal to zero

xy
and then increased in increments of +10,000 psi, until the
maximum value is reached., The negative increments of ;ky are
necessary only for non-rotationally symmetric laminates, The
final coordinates of the interaction diagram reflect the minimum

envelope for both + and - ;; increments, The maximum value of

y
?gy was calculated in subroutine STEC,
Subroutine SURFS next calls subroutine ISECT which will be

described in the following paragraph.

Subroutine ISECT
This subroutine was written by R, W, McMickle and is a
highly specialized search routine for the final coordinates of

the interaction diagram. ISECT is called one time for each
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increment of ;ky, thus all the interaction diagram coordinates
are printed for each ;ky interval., The subroutine uses the ;x

and ;y intercepts for the various failure modes which were cal-

culated in subroutine SURFS. The ;x and ;y intercepts are also
printed and may be used to obtain the desired interaction diagram
if the user wishes to see which of the modes control the various

failure lines.

Subroutine BEND
Subroutine BEND first computes the inverse of the laminate
constitutive equation (Equation 23)., Next, the subroutine prints
Equation 23 and uses it to calculate the laminate midplane strains
and curvatures (see Section V). These quantities are then
used to calculate the state of stress and strain in each lamina

of the laminate,

Subroutine TEMP
Subroutine TEMP uses Equations 24 and 25 to calculate the
thermally induced inplane stress and moment resultants, The
laminate coefficients of thermal expansion are also calculated

in this subroutine,

Subroutine SHEAR
Subroutine SHEAR first calcula tes the third derivatives of

w with respect to x and y using Equations 32 and 33, Next,
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Equations 37 and 38 are used to calculate ;kz and ;§z at each

. lamina interface across the thickness of the laminate. This

~ %

’
1

distribution is printed along with the corresponding z position

within the laminate,
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APPENDIX TITI

INPUT DATA DESCRIPTION

The input consists of problem card deck(s). Data contained
in the problem deck(s) will consist of integers and real numbers.
All integers must be right adjusted in the proper card field.

Real numbers must contain a decimal point in the proper position.

¥
R ]
L LN

The general content of each card in a problem deck is as follcws:

o

I\
.

AN
Y

-
.
-
.
<
.
-

Columns

1-66 Input data

67-72 Six digit job number obtained from the Computing
Laboratory

73 The alphabetic letter ''P"

74-75 Number each problem within a problem deck sequentially
from 01

76-79 Numbei: each card within a problem sequentially from
0C01

Card Descriptions

card 1:

Column Contents

1 Blank

2-66 Problem title or identifying informaticn which will

A
s

be printed at the top of the first page of the

W
sy -
.J“.IJ-

-

problem output, Any alphabetic or numeric symbol

D
«
'

'l
"X

‘} v
e 'r ’n)“l'

*h A A

may be used,
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Card 2: (8I5)

Column
1-5 KEY 1
6~-10 KEY 2
11-15 KEY 3
16-20 KEY 4

",-:.,---,‘n_-_-' W v, ¥ L I J T S .
e Tt St T TR

« ., v

AR L I R N U
,,,,, IR TN N N N

%

Contents
l-Program terminates after computing and
writing out the elements of the constitutive
matrices (See Equation 20)
0-Program operation continues after compu-
tation of laminate data,
1-A point stress analysis will be made on
input sets of lNland |M|. One card per
load case must be added to the problem deck.
Thiis key must also be set equal to one if a
thermal analysis is to be performed.
0-No point stress or thermal analysis will
be done.
1-A point stress analysis will be made of

average stresses ¢ and 4. §61is

o ’1& »To g
the angle at which the stresses are applied.
This analysis is for inplane loads only,

2-An interaction diagram will be computed for
the input laminate.

1-Thermally induced inplane INTI and moment
[MTJ resultants will be computed for an

input temperature, If KEY 4 = 1, KEY 2 must

be set equal to 1.
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Column Content

0-No thermal analysis will be made,

21-25 KEY 5 = 1-An interlaminar shear stress analysis will
be made for input values of Qx and Qy.
= (0-No interlaminar shear stress analysis
will be made.
26-30 MA = Number of layers in the laminate (max. no, =
400) .
31-35 NOMAT = Number of material types (max., no. = 400).
36-40 NCL = Number of loading cases. This applies to

sets of INI and IM], tzmperatures, and J,,

Qy' (max. no. = 10).

Third Group of Cards: (7F9.0)

Column Contents
1-9 E1(1) - Modulus of elasticity along the first or

1 lamina axis.

10-18 E2(1) - Modulus of elasticity along the second or
2 lamina axis which is orthogonal to the 1

~ lamina axis,
;ig 19-27 U1(1) - First poisson's ratio
é;é 28-36 G(1l) - Shear modulus of elasticity
&2
Eﬁg 37-45 ALPHAL(l) - Coefficient of thermal expansion in
Fn; the 1 lamina direction. °
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-
Eg* Column Contents
L-; 46-54 ALPHA2(1) - Coefficient of thermal expansion in the

“\

I'\

.
2%
~
&
‘.\l
;'-,

2 lamina direction.

55«63 ALPHA6(1) - Shearing coefficient of thermal expansion.

Additional cards of this type are added for each type of
material in the laminate up to NOMAT as input previously. A
maximum 400 such cards may be used. Thus, a different material
type may be assigned for each layer in the laminate up to the

maximum number of layers which is allowed.

Fourth Group of Cards: (2I5, 2F10.0)

. Colunn Contents
1-5 LAY - Layer number
6-10 MATYPE(l) - Material type number
11-20 TH(1) - Counterclockwise angle from the laminate

reference axes (x,y) to the lamina natural
axes (1,2). The angle is input in degrees.

21-30 AT(1l) - Lamina thickness.

Additional cards of this type are added for each lamina
in the laminate up to MA as input previously. A maximum of 400

layers may be input as described.

Fifth Group of Cards: (6F10.0)
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%i Column Contents

E 1-10 CALE1(1l) - Compression limit strain allowable in
]

the 1 lam ina direction,

i‘ 11-20 CALE2(1) ~ Compression limit strain allowable in
§§ the 2 lamina direction.
2 21-30 CALE3(1l) - Negative limit shear strain allowable.

31-40 TALE1(l) ~ Tension limit strain allowable in the

1 lamina direction.
41-50 TALE2(1) -~ Tension limit strain allowable in the
2 lamina direction.

51-60 TALE3(1l) - Positive limit shear strain allowable.
ﬁj ' Additional cards of this type are added for each type of
%% material in the laminate up to NOMAT as input previously.

EE Sixth Group of Cards: (7F9.0) (Optional)
?ﬁ Column Contents
1-9 N(1,1) - Inplane force resultant in the X~-direction

:'. ¢ Ll“ j

for load case 1 (1lbs/in.).

e
b
o5 10-18 N(1,2) - Inplane force resultant in the Y-direction
b
?5 for load case 1 (lbs/in.).
E? 19-27 N(1,3) - Inplane shear force resultant for load case
Qi 1 (1bs/in.).
L@
o 28-36 M(1,1) - M  moment resultant for load case 1
o
» (in.1lbs./in.).
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Column

37-45

46-54

55-63

up to NLC as

input. This

Seventh Card:

............

R R A R A AR D TR A A R A

'~ Pt e

Contents
M(1,2) - My moment resultant for load case 1
(in.1bs./in.).
M(1,3) - Myy moment resultant for load case 1
(in.1bs./in.).
T(l) -~ Change in temperature for load case 1
(+ or - with respect to the lamination

temperature) ,

Additional cards of this type are added for each load case

input on Card 2. A maximum of 10 load cases may be

group of cards is optional in that it would be

omitted if (1) laminate properties only were desired, (2) an

shear stresses were desired,

(6F10.0) (Optional)

Column

1-10

11-20
21-30
31-40

.................

Contents

SIGl - Average laminate stress % acting in o

interaction diagram only were desired, and (3) only interlaminar

direction of an (o, 8) system at some angle

PHl1 from the laminate (x,y) axis system,
SIG2 - Average laminate stress
SIG3 - Average laminate shearing stress
PHl - Angle in degrees from the (a,'ﬁ) system

to the (x,y) axis system,
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This card is input only if KEY3 = 1 and KEYl = KEY2 =

KEY4 = 0,

Eighth Group of Cards: (6F10.0) (Optional)

Column Contents

1-10 QX(1) - X shear force resultant for load case 1
(1bs./in.).

11-20 QY(1) - Y shear force resultant for load case 1
(1bs./in.).

21-30 QX(2) - X shear force resultant for load case 2
(1lbs,/in.).

31-40 QY(2) - Y sheer force resultant for load case 2
(1bs./in.).

41-50 QX(3) - X shear force resultant for load case 3
(1lbs./in.).

51-60 QY(3) - Y shear force resultant for load case 3

(1lbs./in.).

Additional cards are added as needed until the number of
load cases (NLC) has been fulfilled., These cards are input only

if KEY5 = 1,

Output Data
All the input data are printed with identifying information,

This listing may be used as a check for input errors. The output

38
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N data are printed with appropriate headings and information and

-

.-

is thus self-explanatory. Appendix I also contains information
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A A

on the output of the various subroutines,

P s
20

¢

' 8
P

- Restrictions

g

The number of layers (MA) and the number of material types
(NOMAT) may range from 1 to a maximum of 400. The maximum number
of loacding conditions is set at 10, The other restrictions on
the program are in the use of the KEY opions. These options were
discussed earlier, and Figure 5 contains a flow chart showing
which combinations of cutput may be obtained with one problem

input.

Estimate of Running Time
The run time may be estimated using:
T (minutes) = 0.3 + (0.1) * N
where,

N = number of problems.
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Figure 5 8Q5 Flow Diagram
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AERATNUTERRYY WYY LUR UYL LTFLTELELY B k% B4 vie Bak B e S, 3 ;- LeRETLT ~ -
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LT IR A e A a e T m e . RS,

\
}E} COMMON AL(343)s CALT1I14NN), CALF2(400), CAL%3(400), TALEL(40Y)s  S25)N0I
e - 1 TALF2(400). TALE3(4C0)y ADT(3,3), TH(4D0), Q11(4D0), 212(6N2),  S250002
o= 2 Q22(400), Q66(400), ALF {18y A(343)y B(343),y D{343), AHI4D1), S105090 3
3 AT(400) s EL(400)y L2(400), UL(40D), U2(4ND), GL4NN), SAL(1H), 595304
b 4 OBAR(420e 3030y GAM(3,40043), SLA(4DN), S2A4(400), S3AL400), 5250005
e 5 SJ(1230)e S(50)e Y1501y Y(50), XN(50)s YN(50)s FX(3)y FY(3), 5057006
hSo 6 SIGX(1200)s SIGY(12CD) s MATYPE(400) SA%2707
S CO%AON BSTAR(3,43), CSTAR(3,3), NDSTAR(3,3), )ISTARI(3,3), BDC(343), S052208
A 1 APFIME(3,3), BPRIMF(3,3)y CPRIME(3,3), DPRIME(3,3), ASTAR(3,3)y 5051009
B 2 RAB(3,3) 0 2UG0L) s AT(343) s EQULOv3) s EL12460143)y K(1043)y Q52010
) I N(LOG3)s MI10e3)s NTUL0430, MT{10,31), 0011400}, AN22(400), 535701 1
e 4 0012049C), QI661400), ALPHAC(490), TAL(3,470), TQA(3,400), §3589912
N S ALPHAL(40C), aLPIA2(4NC), ALPHAGL(4DN), T(1J),y OX(10), A1 Su&I01 3
S COMMON Cly CU2e SIs SI2y KEYLls KFY2, KFY3, KEY&y KCYS, SICO, SIGLySI®II14
SN 1 S1G2¢ SIG3e PHLs CONy Ty Jo 12y L[4y MAs NN, DAF, I1, LDRy KXy $Q52115
0 2 16, NLC. DAF3, DAFA, ATT, L, dLL, M3, NEL S250016
e REAL Ko No My NT, 9T SO50017
\ CALL GSTART (3HSWJ54LCP) $Q50n1 8
o 10 CALL PROR $0%2019
N c $960920
SR C *xx READ IN PROBLEM TITLE **x§06021
2%, ¢ $253022
hosl READ(5,1200) $05002 3
WRITE(6,1000) SN5)N24
~ 5 C $250025
) C =xx READ IN PRUGLEM DATA xx%5050026
et C 5750027
! READ (5,1010) KEYls KFY2, KFY3, KEY4, KEYS, MA, NOMAT, NLC $050028
- WRITE(0s5000) KEYLy KFY2, KCY3, KEY4, KFYS, MA, NOMAT, NLC $250029
s 20 N 30 1 = 1,NIMAT 5052930
. PEAD (5,1025) EL{I)y E2(I)y ULLTYy GIT), ALPHAL(L), ALPHA2(IT), SN5031
s 1 ALPHAG(T) SN57932
e, 30 CONTINUE 50500133
Pl WRITE (645090) S053034
P WRITF (6,5C20) SN5N035
N WRITELGo5030) (Lot 101142010 ,ULCT) 35 01) o ALPHALLT) JALPHA(T), $SQ51936
a 1 ALPHAG( L) T = LJNOMAT ) 5050037
) ARITF (A45C90) S250n38
e WRITF (645040) $051039
7 DN 40 1 = 1,MA $SQ5I040
N RFAD (5410200 LAY, MATYPCUI), TH(I), AT(I) 5250041
ol WRITC(645050) LAY, MATYPE(I), TH(I), AT(I) 50510042
MO 40 COMTINUE $Q5104 3
A READ (5,1020) (CALFL(I), CALF2{1)y CALE3(I), TALFI1(I}, TALF2(I)}, S050044
IOz L TALF3(I)y 1 = 1, NOMAT ) SA5NN&S
s WRITF (645C90) S057046
WRITE (0,1050) 5050067
WPITE (be1C60) (Lo CALCI(I), CALF2(Y), CALF3(I), TALELLI), §951048
- 1 TALE2(I) e TALE3(I)s 1 = 1, NOVAT ) 5051049
P C 087050
- ¢ LOCATE THE MIDULE SURFACF S051I51
o C 52510052
o8 "N MA 4+ ) S057053
E) ) 00 50 12 = 1,448 $159954
s AH(TI2) = 0.0 SN5295%
jéx 50 CONTINUE $158305¢4
L,
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£y N 60 13 = 2,4R $04I057
% AH{TI3) = AT(I3-1) ¢ 2d(13-1) §24%1158
‘. 60 CONTINUE SN &I9159
AHK = AH{MB)/2.0 5351060
D0 70 14 = L,M3 051361
S AHCT4) = AR{l4) - AHK $N5Y062
% ATT = 2,0%AHK 5351063
! 70 CONTINUE S0571064
b, r SQ51065
C COMPUTE THE MJIDULI f (ACH LAYER SE5Nh6
C SCS50067
DN BO IS5 = 14MA snsanee
16 = MATYPEL(IS) SOSN069
U2(1a6) = E2(16) 7 t1(16)*ULLT16) $05%070
UEL = 1.0 = UllI6I™ 1T6) $3%%071
QULCIS) = El(l6) 72 714 5053072
022(15) = F2(16) /7 uttL SOSNIT3
QL2(15) = QLLItIS)I=y2(16) SQ52074
P66(15) = Glle) $NSN07S
CUN = TH(I51%0,0174533 $Q%0076
€0 = COS{CON) $0SNJ77T
CNz = (N« SQS097Y
3 = (J*x2 sQ50n79
Cl4 = €12 *x 2 $N50080
SI = SIN{CON) $053081
512 = S[%x%2 $Q57082
S13 = SI%%) $R50N8 3
Sl4 = S]2%x 2 $NSJ0R%
SICE = S12 % 202 SN57085
OBAR (IS5, 10l) = QLLUIGIRCNG ¢ 2.0%(012(15) + 2.0%Q66(15))%S1C) + SO8I0R6
1 222(15)%S14 $053087
- ABARIISe142) = (JLU(IS) ¢ Q22(I5) - &, 0%x%6(15))*SICH + 5253088
1 JL2UISI*(Sl4 + CO&) $R50089
ORAF (1S5¢143) = (JLLIIS) = Q12(15) = 2.0%066(I5))I*CNIRS[ + $QS1090
1 (J12(15) = 022(15) + 2.0%056(15) )%S13=C1) $05)091
AP (154201) = QBAR{IS,1,2) 5751092
IBAP(IS5,242) = Q2L1CISI*ST4 + 2.0%(Q12(15) + 2.,0%066(15))%SICN + $N53093
1 N22(15)%2C06 SI67094
DRAF(I54243) = (QL2I5) = Q12005) ~ 2,0%Q66(15))%SII*CN + $390095%
1 (J12(15) = Q22(15) ¢ 2.0%Q66(15))*C03%51 SNS50V96
- BARLISs 301) = DBA?(15,1,3) $981197
, D3AR(1543e2) = JBARIIS,243) SNS2N98
- DVAKLTIS54343) = (QLLUIS) + Q22(I5) = 2.,0%Q12{15) = 2,0%066{15))% 5097099
) 1 SICO + Qu6(15)%(S14 ¢ (0N4) 5057100
- 89 CINTINUE SOSO101
! c $10159102
A t CUMRINE THE LAMINA SA67103
A o 5059104
- 1IN0 16 = 143 SNB0108
‘. NN 90 J6 = 143 250100
" Al16.J6) = 0.0 5359107
t A(164J6) = 0.0 5052108
- N{164J6) = 0.0 5751109
o AITLIbydb) = 249 SR5I110
;. 99 CONTINUE $HSN111
190 CONTINUF 5050112
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D0 13C [o = 143 SQ501113
M 120 Jo = 1.3 SQSN114
DY 110 NN = 1.MA SNS5N1LS
A(16¢d6) = ALLO0J6) + ODDARINN IO 4J6) = (AH(NNE]L)=AH(NN)) SOSN116
BC16eJd6) = BLI6sJ6) + ORARINNGIG6+J6) X (AH{NNS]L) %D ~ AH(NN)*%2) S3501117
DE16sJ6) = DUIGIIE) ¢ ORARINN, L6 JEI *{AH(NNEL) 223 - AHINN}*%13) SNsSNtLR
110 CONTINUE SA50119
120 CONVINUE SRS%0120
130 CONTINUE $751121
DN 150 18 = 1.3 5051122
00 140 48 = 1.3 SNsN123
Allded8) = D([B,J48) / 2.0 SN5Y124
DITBeJR) = D(I8JIY) /7 3.0 $259125
ANT(18,J8) = A(18sdR) /7 ATT SJIs7126
140 CONTINUE 257127
150 CANTINUE SN57124
¢ SA51129
C COMPUTE TERE AL MATRIX S2511130
C $Q%50131
DCT = (AOT(Ls1)2A0T(2,2)%A0T(343)) ¢ (ADTLL,2)*%ANT (2,3)%A0T (34,1)) 53952132
1 + (ADT(le3)®AUTI2,1)%A3T(3,2)) =~ (ADT(1,3)%ACT(2,2)*A0T(3,1)) SusSN133
2 - (ADT(L L) *AOTI2,3) %AOT(3,2)) = {(ADT{142)%A0T (241)%A0T(3,3)) 'SQA59134
AL(1e1) = (AQT(2,2)%A0T(3,3} = ANT(2,3)%ADT{3,2)) / DET SOSn13%
AL(142) = (ADT(243)%A0T(3,1) =~ AQT(2,1)%A0T(3,3)) /7 DET 050136
AL(243) = (ADT(2410%A0T( 302} = ADT{2,2)*¥A0OT(3,1}) / DLTY S350137
AL(2¢2) = (AGTLLo1)%A0T(3,3) = AQT(],3)%AQT(3.1)) / DFTY SQ50138
AL{2+3) = (ADT(142)%A0T(3,1) -~ AOQT(1,1)%ADT(3,2)) / OET SQ59 139
ALE343) = (AQT(L.1ISADT(242) = ANT(1,2)%A0T(2,1)) / DETY SA50 140
. AL(2+,1) = AL(1.2) S357141l
AL{3,1) = ALIL.3) 5757142
ALU3,2) = AL(243) SN5M143
ND 155 1 = 1.3 539144
. D0 155 J = le3 S$0)50145
AT({Ted) = ALI14J)/ATT S187140
155 CONTINUE S351147
FELl = l./7AL1141) SJ)501418
FUl ==FEL1*AL(1,2]) $75)0149
FE?2 = 1./7AL12.2) sSns501s0
FG = l./7AL(3.3) $7501%1
FAl = 0. SN5%1%2
FA2 = D. SQ50153
IFtALGLs3) oNEwOe ) FAL=1s/AL(L,3) SN50154
IF(ALL2y 3)uNEL D) FA2zL/ALL243) $S50155
WRITEL6y50601) SQ5n156
WRITE(6+45070) SQ50187
WRITE (64508080 (1 o1 sACT02) oA(T 934801413 ¢3(142)9B{1+3)4D(1s1)y SA50158
1 DOLe204D(1e3)y I = 143) S960159
WRITE(645090) SI8N160
WRITF(645100) S350161
WRITE (6,51103CAUTIJel)e AOT{Jed) e ANT{J93)y AL(Je1)y AL(Je 2}, SI53162
1 AL(Je3)y J =143} SU50163
WRITE (645120) SR57164
RITE (645130) FELs FE2, FULl, F5 SRA50165
IF (KEY1.GT.0) CALL RFN) SQ52166
IF {(KEY1.GTL.0) 50 T 10 SA50167
IF (KFY2.EN.0) G Ty 160 SA50168
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D NN 156 L = 14NLC 5050169
:?\ REAN (5¢1025) N{Loldy N(Le2) e NtLo3)y MILoL)y MIL,2)y MIL,3)y TLLISOSN1TO
A 156 CONTINUE $QS0171
£ IF (KEY4.EQ.0) GU TN 158 Q50172
CALL TEMP $250173
158 CONTINUE SQ50174
WRITE(6,1070) $O50175
DO 157 L = l.NLC 5059176
WRITE(641C80) L SQ50177
WRITE(6,s1090) NiLoldy MLy} NCL92) e M{Ls2)s NlLy3)y MIL,3), TIL)ISQS5N1TB
157 CONYINUE SQ5N179
CALL BEND SQ57180
160 IF (KEY3.EQ.0) GO TO 180 $Q50181
IF (KEY3.EQ.2) GO TO 170 sQsN182
READ (541020} S1G1y S1G2+ SIG3, PHL $N50183
WRITE (6410400 SIGLls SIG2s SIG3, PHL SQ50184
170 CALL STEC $SQ50185
CALL SSRC $Q050186
1F (KEY3.EQ.1) GO TO 180 $Q50187
CALL SURFS $Qs50188
o 180 CUNTINUE SN59189
o IF (KEYS.EQ.0) GO TN 10 $R50190
;}j READ (5,1020) ( OX(Idy QY{I)s I = LeNLC ) SA5N0191
- WRITFLE,5140) SQ50192
s WRITE(6+9150) & Lo QX{I) s QY(I)s T = 1,NLC) 5050193
CALL SHEAR SNS50194
G3 TO 10 $Q50195
c SQ50196
- 1000 FORMAT {56H SQ50197
Ay 1 ) SQ57198
e 1010 FOPMAT (815) S050199
= 1020 FORMAT (6F10.0) S0S0200
. 1025 FORMAT (TFS.0) sNSN201
1730 FNPMAT (215,2F10.01 $S057202

1040 FORMAT (1H1,5X.*%%%x [NPUT AVERAGE STRFSSES *%%3//SX,'SIGMA-1 = ', 5Q50203
I FlOs2e5Xe*SI3MA=2 = ¢4 10.2+5X,*TAUXY = ¢ ,F10.2+5Xy'ANGLE T STRELSQS)204

255 STATE = '\F10.5 / ) $Q50205
1057 FORMAT(///" *%x ALLOWABLE STRAIN DATA *%%xt//]1X,*MATYPE®,3X, SQ50206
U 'LIMIT STRAIN®, 7X, $Q50207

2L TMIT STRAIN' o 7Xe *LIMET STRAIN® f7X,*LIMIT STRAIN® ,7Xo*LIMIT STRAISDISN208
TN, TXGPLIMEIT STRAIN'/10X o1 ~ DIRECTION® 46Xy'2 - DIRECTION®»3X, $0 60209

G3SHEAR Y, L1Xe*L = DIPCCTION®36Xs'2 ~ DIRECTYINN® 49X *SHEAR® /11X, $N8N210
SYCOMPPESSIONY o 8X o *COMPRESSTON® 38Xy tINEGATIVE? 12X, POSITIVE? 411X, S0Q5N211
6PASTITIVE ' L1X*POSITIVE Y/ ) SAH0212
1060 FORMAT (1XeI308Xel Tebel2XoFTab ol I X o FTadol3XeFTeb112XeFTe4412X, SQ5n213
1 FT.4 / ) S050214
1070 FORMAT{1H1,10Xe'%x% INPUT DATA FIR COMBINED N = M ANALYSIS *xx%¢//)SQ50215
1080 FIRMAT(5X,'L0A) CAST NUMBER ',12 /) SG50216
1090 FIRMAT{ SXs'NX = "4F10,0+410Xe'MX = *,F10.9 // SQ5%2117
1 SXe'NY = 1,F10,0,10Xe*'MY = *,F10,0 // sQs50218
2 SXe'NXY = "4F10e0910XetMXY = *,710.0 //// SQ50219
3 X 'TEMPERATURE = "2F10.90 /77771177 ) $Q50220
5000 FIRMAT (///7/715X," #tx INPUT DATA *w¥x?¢ /// SQ50221
1 SXe'KEYL = *o05 /7 SXot*KEY2 = 4,75 // SXy*KEY3 = 4,15 // SQ50222
2 SXe'KEYSG = 015 // B5X'KEYS = (5 // $S050223
35Xy 'THE NUMBER UF LAYFPS IN T4C LAMINATE IS %12 // $Q50224
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E::l 4 SX¢'THL NLMBLR NF MATFFIAL TYPES IS .12 // 5050225
“s 5 5X4*THE NUMBER UF LODADINSG CONDITIONS IS  *,12 // ) SQ50226
=\S 5020 FORMAT { LHC, '*2% MATCRTIAL DATA *%xt // ) 5050227

5030 FIRMAT ( SXy'MATYPE'y SXo'FLYy1aX,'F2% 14Xy UL 15Xy Gt 15%,'alOrASNSN228
V100 10X AL OHA2¢, JOXG Y ALPHAG® /7 ( OXe13y 1XeF1547: 1X,E15.79 1Xxe S952229

2 E15.7¢ L1X0ELSeTs 1XeEL1Se¢Ty 1X4ELSeTy LX 15,7 ) SIHN23I0

50640 FORMAT(LHl.9%%% LAYIR DATA %x%x%x'7/10X,'LAYER NQ. MATYPEY 47Xy *ORTESISN?2]

INTATION® o LIXo *THICKNFSSH/ ) S391232

5050 FOAMAT (5X+211042F20.5) $051233

9360 FORMAT (LHL1o//7/715%Xt%e%x OQUTPUT DATA %%kt ////10X,*COMPRSITE PROPERTSQSN234

1IESY//77 ) SQ592235

5076 FIRMAT (1H 415X, *A YATRIX?,35X,'B MATRIX ', 35X,%D MATRIXY// ) SO50213¢4

5080 SUKMAT {1H ¢EL12.5+2% 0t 12e542X0T02.595%,C124592X%9012.592%X9F12.545%,5050237

TEL245¢2X+EL24502XeM 12457 ) $Q5n238

5090 FORMAT (//7) S052239

5100 FORMAT (1H 15X *(A/T) MATRIX®,25X4* (A/T) INVERSFE MATRIX'///) SQA50240

5110 FORMAT (1H sE12e592XeF 124502 X9012.595X0E12.502X4E12.542X9F12.5 /) SQ5N241

5120 FORMAT (1H o///-SX+ aVERAGE LAMINATE ELASTIC CONSTANTSt// ) SQ5N242

5130 FORMATOLH o *EX =% 4E124%502X 0 'EY 20,E12.542X0UX =1 ,012.542X4 'GXY ='SQ957243

10E12.% /777 ) SQ50244

5140 FORMAT {1H1a10Xe 9%%x SHEAR FORCES #®%k%? /// S5X,*L0AD CASE'y 6X, 5050245

1 *OXYy X, 'QYY /7 ) §050246

5150 FORMAT ( 3Xel2+4Xsf10.0,F10,0 ) SA50247

C . SN50248

END SN 5N249
L2
s
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SYBROUTINE STEC §153256
COMMON AL (34300 CALT1(400)s CALE2(400), CALE3(400), TALEL(4QD), S057251

S

1 TALE2(40C),s TALE3(400)s ACT(3,3), TH(400), Q11(400), QL2(400), S5 252

2 37220400) . Q66(400), RLF{LB)y A(3,43)y B{343), D(343)y AH{4D]), SNHY 53

3 AT(400), EL(400), F2(4N0), UL{400), U2{400), G(40O), SBLL18I, SN8Y254

J:i 4 QRAR(400+393)s GAM(3,40043)y 514(400), S2AL(400), S3A(400), $952256
$\J 6 SJL1200)s S{50)s X{S50), Y{(S50}, XN{50), YN{SN)}s FX(3)s FY(3), SQ53256
i}?# 6 SIGXUI1200), SIGY(1200), MATYPL(400) S5 25 7
; .j COMMON BSTAR(343)y CSTAR(3,3), DSTAR(3,3)y DSTART(3,43), BNCL3,3), 5057259

0
A

1 APRIME(3,3)y BPRIMF(343), CPRIME(3,3), OPRIME(3,3)y ASTAR(3431), 5051259

2 BAR(3,3)s 204010y AT(343)y EOL{1043) 9 E(10,40143)y K{1043), SQHN240

T N(10,3)s MILO93)s NTU10,3), MTI1043), QQ11(400)y QQ22(400), W ALRPIA

4 Q01204000 QJ661(400), ALPHAC(400) ¢ TAL(3,400), TQA(3,40010, §N8)262

% ALPHAL(400), ALPHA2(420), ALP 1A61400), TU10}, JX{10), OY(10) $35n2¢.2

CIMMON CU, C02s S1s SI2e KEYl, KFY2, KEY3, K[Y4, KEYS5, SICf, SIGLlsS0%1764

1 S1G2s SIG3, PHL, CONy 1o Jy 12, T4y MA, NNy DAF, [, LDR, KK, SNSV265

2 loe NLCe DAF3, DAFA, ATT, L, MLL, MR, DFL SN 57266

REAL Ko No Mg NT, MT SQ5N267

C SNSN268

o ROTATE THE AVERAGE STRLCSSES TO THF REFERENCE AXIS 